Abstract. Many references on AC losses can be found for straight superconducting tapes with or without an external magnetic field. There are fewer references on AC losses for bent tapes such as we find it in a spire or solenoid. But even fewer are the references on the study of AC losses in multilayer coils or magnetically coupled coils wound close together. In these cases, the loss in each piece of tape depends on three factors: the transport current in it, the global magnetic field due to the complete coil, and the local magnetic field due to the current in the tape wound just over or under the piece in question -the main difference between multilayer coils and magnetically coupled coils is that the current in the former is the same in all the layers and the currents in magnetically coupled coils are different in amplitude and phase. In order to determine the losses due to the third factor above, the local magnetic fields, we propose in this paper an experiment that consists of the measurement of losses in two straight insulated superconducting tapes located one over the other as close together as possible. In this way, the effect of the global magnetic field of the coil disappears because the coil does not exist. Furthermore, one of the tapes is made to be twice as long as the other so that we can measure the part of the transport losses in the part of the tape independent on the influence of the other. This permits us to distinguish the component of the losses due to the interaction between the pair of tapes. BSCCO tape was used and the pieces were fed with two different power supplies each one giving a current adjustable in amplitude. Measurements of the voltages between taps and in contact-less loops were taken both between the tapes and, in the longer tape, away from the influence of the shorter one. The losses were calculated from the wave forms of the contact and contact-less voltages and the currents. The influence of the proximity of the tapes was determined.
Introduction
In many applications of superconducting tape in electrical devices, the tape must be wound in multilayer coils as in figure 1 . In such a case, every piece of tape is located very close to some other piece, in the next layer, along the coil. The proximity of these two parts of the circuit adds a new component (not necessarily positive) in the total loss of the multilayer coil that does not exist in the tape or single-layer coil loss. Therefore, we can divide the loss into 3 components:
• The transport loss, P N , that can be calculated by the Norris equation [1] .
• The magnetic loss, P mag , due to the global magnetic field created by the complete coil. • The local loss, P loc , due to the proximity of turns in the same position of consecutive layers.
So, the total loss, P T , can be written as follows:
To evaluate the new component of the loss, P loc , we designed and carried out the experiment described in the next paragraph. The results of the experiment are presented from different points of view in the following paragraphs. Figure 1 . Multi-layer coils carrying the same or different current in each layer can be found in electrical designs. In these cases the proximity of the tapes in the same position of consecutive layers makes the AC loss different from in a single layer coil or a simple tape. Figure 2 shows the arrangement of the tapes for the measurement of the losses. In this case, the tape is not bent as in a coil, and therefore P mag = 0 (no global magnetic field has to be taken into account).
Experimental
The electrical method is used to determine the losses in the longer tape through the measurement of the voltage between taps on the tape (see figure 2 , circuits CI and CO) or the emf in a contact-less loop (circuits CLI and CLO) [2] . The shorter tape is located over the CI and CLI circuits, leaving the CO a CLO circuits outside its influence.
The current I L in the longer tape and I S in the shorter one are independent but in phase for this study.
The measuring equipment picks up the waveforms of the currents through two Hall current probes, and the waveforms of the tap and loop voltages through four measurement amplifiers that filter and adapt the signals to be read by a data acquisition board (DAQ). All the waveforms have a whole number of periods (typically 5).
The process is controlled and the data analyzed by a program based on the software Labview. The measurements were made at a frequency, f, of 100 Hz. The working temperature was 77K. The characteristics of the tape under test are summarized in table 1. Note that we include an estimated value of the critical current. This is the value obtained by the AC losses analysis method [3] . 
Data processing
The waveforms collected by the DAQ are converted to real values by multiplication by the corresponding factors. The resulting data are given in the table 2 together with there equations. The power loss per meter of tape in the different probes, x, was calculated in two ways (x = CO, CLO, CI or CLI, and L x is the length of the probe):
• As the average value of the instant power over a whole number of periods:
• From the current and the voltage first harmonic RMS values:
The results of the power calculated by means of these equations were very similar, so no differentiation is necessary.
Results and discussion
The first verification we have to do is to check the independence of the loss outside the short tape with respect to the current I L . Figure 3 shows clearly this independence. Minor differences between the curves can be observed in a closer view as in figure 5 . This is probably due to the influence of the short tape current leads. We take the loss for I S = 0 in figure 4 as the experimental transport loss in the single tape.
Figures 6 and 7 show the losses measured from probe CI under the short tape. The scales in these figures are the same as in figures 4 and 5, respectively. The measurements from CI and CO were taken simultaneously.
In this case, the loss curves spread in separate ways. Two opposite effects are observed:
• The measurement under a low current or no current in the short tape (I S ≤ 10 A) is lower than outside.
• The measurement under a high current in the short tape (I S ≥ 15 A) is higher than outside. As an explanation of this behaviour we propose:
• In the case of a low current or no current in the short tape, the screening effect over the long tape modifies the distribution of the field between their filaments in such a way that it reduces the self-field due to the transport current, increasing the effective value of the critical current, [1] ) and the matrix loss due to the reduced excess current over the critical value.
• When the current in the short tape is high enough, the magnetic field it creates acts as an external magnetic field on the long tape, increasing its magnetic loss, P mag , and reducing the effective critical current. Transport and matrix losses increase because of the reduction of I c .
For a coil as in figure 1 , the loss in each tape is due to the current in it and the same current in the adjacent tape.
The interest in this case is in the loss measured under the short tape with I S = I L . But there has to be an extra consideration in this case. The loss measured through the probe CI, P CI , contains not only the loss in the long tape, but also a fraction of the loss in the short one measured by the contactless method [2] by means of a loop formed with the taps wires of the probe CI and the segment of the tape between the contacts.
We assume that this fraction can be estimated as one half of the power measured by the probe CLI (the shape and size of the loops were made equal for this propose). Therefore, the total loss per meter in the tape can be written as:
Figures 8 and 9 show these results. One observes that below the critical current (although we know that the effective value of I c varies, we use 27.2 A as a reference for the critical current, that corresponds to an RMS value of 19.2 A) the estimated total loss is slightly higher than the loss in a single tape (figure 9). On the contrary, for currents higher than I c the loss is very much higher than in a single tape. Detail of the measure of loss in the tape under the influence of another tape carrying the same current. Below the critical current the estimated total loss is slightly higher than the loss in a single tape.
Conclusions
A method to determine the total loss in a tape located very close to another tape carrying the same current has been proposed. The presence of the second tape makes I c very depending on the transport current in the two tapes. The total loss in the tape in a configuration as in figure 1 is higher than in a single tape and very much higher when matrix losses appear.
The dependence of I c on the transport currents is being studied by our group.
